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SUMMARY 
A n  invest igat ion has been made i n  the Langley 4- by 4-foot supersonic 
pressure tunnel a t  a free-stream Mach number of 2.01 and a t  angles of 
a t tack  t o  15O of the s t a t i c  pressures and boundary-layer cha rac t e r i s t i c s  
on the forward p a r t s  of nine fuselages of various cross-sect ional  shapes. 
Up t o  8' angle of a t tack,  the s ta t ic-pressure d i s t r ibu t ions  were of a 
type which might be expected on the bas i s  of the cross-flaw concept, with 
the most negative pressures occurring a t  the widest sec t ion  of the fuse-  
lage.  A t  higher angles of a t tack,  boundary-layer separat ion tended t o  
produce regions of high negative pressure on the top s ide (bottom s ide  
a t  negative angles)  of the fuselages.  
For e i t h e r  a single-scoop or  twin-scoop i n s t a l l a t i o n  mounted on the 
top s ide  of the  fuselage, use of the 45' teardrop fuselage w i l l  probably 
minimize the e f f e c t s  of boundary-layer s epa ra t lm  on i n l e t  performance t o  
an angle of a t t ack  of l5O. If the scoop is  located on top near the nose 
sect ion,  the 900 t e a r b o p  fuselage may be su i t ab le  t o  an angle of a t t ack  
of 150 f o r  a twin-scoop i n s t a l l a t i o n ,  and the horizontal  e l l i p s e  o r  
inverted 4 5 O  teardrop fuselages may be sui table  t o  an angle of a t tack  of 
12O f o r  a single-scoop i n s t a l l a t i o n .  The 45°'teardrop shape appeared t o  
have no boundary-layer separation over the e n t i r e  angle-of-attack range. 
INTRODUCTION 
The use of top- o r  side-mounted supersonic scoop i n l e t s  of fe rs  
several  advantages t o  the a i r c r a f t  designer. These advantages include a 
minimization of foreign-object damage t o  the engine, e a s i e r  i n s t a l l a t i o n  
of armament i n  the bottom of the fuselage, and l i g h t e r  landing gear. 
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Research which has been conducted on scoop i n l e t s  mounted on the top of 
c i rcu lar  cross-sect ional  fuselages (refs. 1 and 2 )  has indicated t h a t  the 
fuselage boundary layer  may adversely a f f e c t  i n l e t  performance a t  posi-  
t ive  angles of a t tack .  Consideration must therefore  be given t o  the use 
of other fuselage shapes with top-mounted i n l e t s .  Very l i t t l e  informa- 
t ion  i s  ava i lab le ,  however, concerning the l o c a l  flow cha rac t e r i s t i c s  of 
fuselages with noncircular cross-sections.  
A n  invest igat ion has been undertaken i n  the Langley 4- by &-foot 
supersonic pressure tunnel t o  study the flow cha rac t e r i s t i c s  of e igh t  
noncircular fuselages a t  a Mach number of 2.01 and a t  angles of a t t ack  
t o  15'. Stat ic-pressure d i s t r ibu t ions  and boundary-layer cha rac t e r i s t i c s  
were determined on each fuselage a t  two s t a t ions  behind the nose sec t ion .  
The boundary-layer surveys were l imi ted  t o  t h a t  p a r t  of the  fuselage c i r -  
cumference where i n l e t s  might be located; the surveys were intended t o  
indicate only the qua l i t a t ive  nature of the flow. For comparison pur- 
poses, s i m i l a r  data  were a l s o  obtained on a c i r cu la r  fuselage.  
report  presents the  r e s u l t s  of the invest igat ion described previously. 
This 
It should be mentioned t h a t  these data are  a l s o  of s ignif icance i n  
studying the la teral  s t a b i l i t y  cha rac t e r i s t i c s ,  fuselage load d i s t r ibu -  
t ions,  and other l o c a l  interference e f f e c t s .  
Force data obtained from these fuselages are presented i n  reference 3 .  
SYMBOLS 
P 
l o c a l  Mach number 
free-stream Mach number 
l o c a l  s t a t i c  pressure 
free-stream s t a t i c  pressure 
free-stream t o t a l  pressure 
measured impact pressure 
P - P, 
2 
pressure coef f ic ien t ,  
7PJ4, 
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The designation of the cross-sect ional  shapes used i n  f igure  1 w i l l  
be followed i n  the remainder of the  repor t .  
TESTS AND ACCURACY 
The t e s t s  were conducted a t  a stagnation pressure of 15 pounds per 
The Reynolds number per square inch absolute a t  a Mach number of 2.01. 
foot of length w a s  3.7 x 10 . During a l l  the t e s t s  the  moisture content 
of the a i r  i n  the tunnel w a s  maintained a t  a value low enough t o  prevent 
condensation e f f e c t s  i n  the tes t  sect ion.  Boundary-layer t r a n s i t i o n  
s t r i p s  were located about 1.0 inch behind the nose of the model. 
6 
The pressure data were photographically recorded on an inc l ined  
multiple-tube manometer f i l l e d  with mercury. For these tests, the 
e f fec t ive  spec i f i c  gravi ty  of the mercury w a s  about 6.8. V i s u a l  data  
p lo ts  of the three-rake-tube readings c loses t  t o  the fuselage were made 
during each t e s t  run t o  f a c i l i t a t e  the boundary-layer surveys. These 
readings were obtained from a v e r t i c a l  mercury manometer. 
The apparatus used f o r  the boundary-layer surveys w a s  not  i dea l ly  
sui ted f o r  i t s  purpose because of the p o s s i b i l i t y  of downstream blockage 
having some e f f e c t  on the separated-flow regions. The apparatus w a s  
designed t o  be used with ex is t ing  fuselage models which could not 
accommodate an in t e rna l  mechanism t o  drive the rakes. An attempt w a s  
made t o  minimize these blockage e f f e c t s  by mounting the  survey mechanism 
a t  an appreciable dis tance above the model surface.  (See f i g .  2 . )  It  i s  
believed that these surveys do indicate  the qua l i t a t ive  nature of the  f l a w .  
This point  of  view is  substant ia ted by static-pressure-6lstribution data, 
not presented herein,  obtained on several  fuselages with and without the 
rake and survey mechanism i n  place.  For these two conditions, the d i s t r i -  
butions were the same throughout the angle-of-attack range. Similar ly ,  
the s t a t i c  pressures were the same when the rake w a s  located a t  two c i r -  
cumferential posi t ions on a fuselage.  If the survey mechanism w a s  pro- 
ducing a s ign i f i can t  e f f e c t  on the boundary-layer charac te r i s t ics ,  the 
fuselage s t a t i c  pressures would have var ied f o r  these d i f f e ren t  
configurations. 
The survey rake tubes were a l ined  with the fuselage ax is  during these 
t e s t s .  Consequently, a t  the higher angles of a t tack ,  the rake tubes may 
have been a t  high l o c a l  angles of a t tack .  The survey data presented herein 
have not been corrected f o r  t h i s  possible  e r ro r .  
The accuracy of the s ta t ic-pressure-coeff ic ient  data i s  estimated t o  
be tO.003. 
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DISCUSSION 
S t a t i c  Pressure Distr ibut ions 
For most of the fuselage shapes considered i n  t h i s  repor t  no informa- 
t i o n  i s  avai lable  on the theo re t i ca l  pressure d is t r ibu t ions  a t  small angles 
of a t tack.  
most negative pressure a t  s m a l l  angles of a t tack  might be expected t o  
occur a t  the widest point  of the cross  sect ion.  
f igures  3 and 4 indicate  that t h i s  i s ,  i n  general ,  t rue  f o r  angles Of 
a t tack up t o  about 8'. 
the square, diamond, t en t ,  t r i ang le ,  and horizontal-el l ipse cross sec t ions  
( f i g s .  4 (b) ,  4 ( c ) ,  4 (d) ,  4 ( g ) ,  and 4 ( h ) )  e i t h e r  reexpand s l i g h t l y  or main- 
t a i n  a r-elatAvely high negatilre press'wz o ~ i  the dok-rstream s ide  ( top  of 
fuselage a t  pos i t ive  angles, bottom a t  negative angles) of the fuselage i n  
a region where the pressure would be expected t o  become more pos i t i ve .  
The f a c t  t h a t  the pressure does not  become more pos i t ive  ind ica tes  t h a t  a 
s m a l l  amount of separation has occurred. 
However, on the bas i s  of the  cross-flow concept ( ref .  4) the  
The data presented i n  
A t  8' the pressure d is t r ibu t ions  a t  s t a t i o n  23 on 
A t  angles grea te r  than 8O, t he  viscous cross-flow e f f e c t s  become pre- 
dominant on most of the fuselages,  and the pressure d is t r ibu t ions  vary 
appreciably from those a t  smaller angles of a t tack .  
negative pressure develops on the top s ide of most of the fuselages.  
These viscous cross-flow e f fec t s  a r e  l e a s t  noticeable on the c i r c l e ,  
90' teardrop, 45' teardrop, and ve r t i ca l - e l l i p se  shapes a t  s t a t i o n  15, 
and on the 45' teardrop and t e n t  (negative angles only) shapes a t  sta- 
t ion 23. On some of the fuselages,  there  a r e  appreciable differences a t  
a given value of a, between the d is t r ibu t ions  a t  s t a t ions  15 and 23. 
These differences a re  especial ly  apparent on the fuselages with the 
following cross sect ions:  c i r cu la r  ( f i g s .  3(a) and 4 ( a ) ) ,  t e n t  ( f i g s .  3 ( d ) ,  
3 ( e ) ,  and 4 ( d ) ) ,  90' teardrop ( f i g s .  3 ( f ) ,  3 (g ) ,  and 4 ( e ) ) ,  and v e r t i c a l  
e l l i p se  ( f i g s .  3 ( m )  and 4 ( i ) ) .  
A region of high 
The maximum pos i t ive  pressure coef f ic ien ts  a t  a given angle of a t tack  
were about the same a t  both s t a t ions  on the nine fuselages and var ied from 
0.003 t o  0.029 a t  8 O  and from 0.092 t o  0.135 a t  1.5'. 
coeff ic ients  varied by grea te r  amounts and a r e  tabulated i n  the following 
table : 
The peak negative 




0 .  0 .  ...... 
0 .  0 .  .......... 
PRESENTATION OF RESULTS 
The s ta t ic-pressure d is t r ibu t ions  around the nine fuselages a t  sta- 
t ions  1.5 and 23 are presented i n  f igure  3 as a function of t he  circum- 
f e r e n t i a l  locat ion 6 and angle of a t tack a. For the symmetrical 
bodies on which data were obtained a t  both pos i t ive  and negative angles,  
the data obtained a t  -8O and -15' have been p lo t t ed  with on the 
bottom ins tead  of on the top of the fuselage s o  t h a t  these data  may be 
compared with the pos i t ive  angle data. In f igure  4 the pressure d i s t r i -  
butions are presented i n  polar-coordinate form t o  i l l u s t r a t e  the rela- 
t ionship between the pressures and the fuselage shape. 
@ = Oo 
The boundary-layer surveys were made only a t  circumferential  posi-  
t i o n s  where i n l e t s  nright be located.  These surveys were intended t o  be 
of a qua l i t a t ive  nature and, as a result, no attempt w a s  made t o  deter- 
mine i n  g rea t  d e t a i l  the flow charac te r i s t ics  i n  the separated regions. I 
Typical boundary-layer survey data obtained a t  s t a t i o n  23 on the  
45' teardrop fuselage are presented i n  figure 5 .  The r a t i o  p,'/pt, the 
measured impact pressure t o  the free-stream t o t a l  pressure,  i s  p lo t t ed  
as a funct ion of the tube t raverse  posit ion h and the angle of a t tack .  
As  has already been mentioned, the survey pa th  of each tube w a s  not 
necessar i ly  perpendicular t o  the model surface. The distance h is  
measured along the survey path and i s  not necessar i ly  the perpendicular 
distance from the fuselage t o  the survey tube. 
survey data are tabulated i n  table I. These data have not been corrected 
f o r  e r ro r s  introduced when the l o c a l  flow w a s  a t  an angle of a t tack  with 
respect  t o  the survey tube. These e r rors  are probably not  s ign i f i can t  
u n t i l  the l o c a l  angle exceeds l5O. 
drop shapes were obtained from visua l  records. Since v isua l  data were 
recorded only f o r  the three tubes c loses t  t o  the  fuselage,  the  values of 
are l imi ted  t o  l e s s  than 0.8 inch. 
A l l  the  boundary-layer 
The data f o r  the  c i r cu la r  and goo tear- 
h 
I n  f igure  6, the boundary-layer data a r e  presented i n  the  form of con- 
tour l i n e s  of constant pz ' /pt .  The boundary-layer thickness 6 a t  a = Oo 
and the locat ions of the rake-survey paths are included on the p a r t  of each 
f igure  f o r  a = Oo. The boundary-layer height has been defined as the  
height a t  which the veloci ty  i s  99 percent of the l o c a l  veloci ty .  A n  ind i -  
ca t ion  of the loca l  Mach number of the f l o w  f i e l d  may be obtained from the  
Mach number data presented i n  f igure  6.  
the surface s t a t i c  pressure and the free-stream t o t a l  pressure.  
numbers have been omitted i n  regions of boundary-layer separat ion where 
t h e i r  significance may be doubtful. 
a r e  summarized fo r  comparison purposes. 
These Mach numbers a r e  based on 
These Mach 
I n  figure 7 the bounhry-layer data 
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distance of survey tube from fuselage surface,  measured along 
path of survey, i n .  
boundary-layer thickness, i n .  
angle of a t tack,  deg 
circumferential  locat ion on fuselage surface,  deg ( t ab le  I )  
survey path of boundary-layer rake measured with respect  t o  
v e r t i c a l  center  l i n e ,  deg ( table  I )  
TUNNEL 
The Langley 4- by 4-foot supersonic pressure tunnel i s  a s ingle-  
re turn  closed-throat tunnel capable of operating a t  Mach nmbers  from 
1.4 t o  2.0. 
and bottom walls.  
walls against  f ixed, but  interchangeable, templates. 
average height of the test sect ion a t  a Mach number of 2.01 are  34.0 and 
61.2 inches, respectively.  An externa l  source of dry a i r  is  provided t o  
maintain a low-moisture content i n  t h e  tunnel so that condensation e f f e c t s  
may be avoided. 
0.25 t o  2 .O atmospheres. 
The t e s t  sect ion employs fixed s ide  w a l l s  and f l e x i b l e  top 
The nozzle contours are formed by pul l ing  the f l e x i b l e  
The width and 
The stagnation pressure can be varied from approximately 
MODELS 
The general  model arrangement and the various fuselage cross-sect ional  
shapes a re  shown i n  f igure  1. The basic  circuLar fuselage had an ogival  
nose of f ineness  r a t i o  3.5 followed by a cy l indr ica l  afterbody. Each of 
the other fuselages had equal longitudinal area d i s t r ibu t ion  as the circu-  
l a r  fuselage.  From 11 t o  16 s tat ic-pressure o r i f i c e s  ( the  number var ied  
with cross-sect ional  shape) were located around one-half the circumference 
of each fuselage a t  s t a t ions  1.5 and 23. The boundary-layer surveys w e r e  
made a t  s t a t ions  15 and 23 by means of a six-tube rake sham i n  f igures  1 
and 2.  The rake tubes were aljrays a l ined with the fuselage ax is  and had 
outside and inside diameters of 0.060 and 0.040 inch, respect ively.  The 
three tubes c loses t  t o  the fuselage were f l a t t ened  u n t i l  the  opening height 
was 0.020 inch. The rake and associated t raverse  mechanism was attached 
t o  the fuselage by means of support brackets and stub wings. 
posit ioned on the various fuselages by using support brackets of appro- 
p r i a t e  shapes. Since the rake tubes moved as a u n i t ,  they did not always 
move outward along l i n e s  perpendicular t o  the l o c a l  fuselage surface.  
The rake was 
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Boundary-Layer Character is t ics  
The boundary-layer cha rac t e r i s t i c s  of the nine fuselages ( f i g s .  6 
and 7)  var ied appreciably with shape a t  a given angle of a t tack .  
boundary layer  thinned, as would be expected, on the bottom of the  fuse-  
lages a t  pos i t ive  angles and on the top a t  negative angles. On the 
opposite s ide ,  the boundary layer  tended t o  thicken as the angle of a t tack  
increased and then t o  separate and form the cha rac t e r i s t i c  vortex type of 
flow. The following tab le  summarizes the maximum tes t  values of u a t  
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8 ,  -4 
1 5 7  -8 
8 ,  -4 
4 
4 
It should be mentioned t h a t  some of the data indicated that the amount 
of separation w a s  small a t  the next higher tes t  value of u ( f o r  example, 
.......... ....................... 
- -  . *. . 0 .  e - -  ......................... 
f ig s .  s ( - a ) ,  and 6(2)) and t h a t  some of the angles l i s t e d  i n  the preceding 
table may be conservative by 2' or  3'. The data indicated t h a t  separa- 
t ion  i s  delayed t o  a t  l e a s t  15' angle of a t tack  a t  s t a t i o n  15 by e i t h e r  
the 45' o r  90' teardrop shape and t o  l5O a t  s t a t i o n  23 by the 45' tear- 
drop shape. 
Some general e f f ec t s  of fuselage shape on the boundary-layer- 
separation cha rac t e r i s t i c s  a t  pos i t ive  angles of a t tack  may be obtained 
from the data which i s  presented i n  f igure  7 .  
the circular-fuselage cross sec t ion  - changing from a c i r cu la r  t o  a 
45' teardrop shape - has a s ign i f i can t  e f f e c t  on reducing the amount of 
boundary-layer separation. This e f f e c t  i s  pa r t i cu la r ly  evident a t  an 
angle of a t t ack  of 150 a t  s t a t i o n  23 ( f i g .  7 ( d ) ) .  
torn of the fuselage cross-section - changing from a c i r cu la r  t o  an 
inverteii 45' teardrop shape - while maintaining a c i r cu la r  top shape 
has no s igni f icant  e f f e c t  on the separation cha rac t e r i s t i c s .  If the 
tap sides 3f the fuselage must have a 90" included angle, the data inili- 
cate t h a t  the 90' teardrop shape w i l l  prooably minimize the separation 
t o  a grea te r  degree over the angle-of-attack range than w i l l  e i t h e r  the 
diamond o r  t e n t  shapes. 
Streamlining the top of 
Streamlining the b o t -  
Select ion of Fuselage Shapes f o r  U s e  With 
Top-Mounted Scoop I n l e t s  
Several fac tors  such as l o c a l  Mach number, boundary-layer character-  
i s t i c s ,  and cross-flow angle of a t tack  must be taken i n t o  account i n  the 
select ion of a fuselage shape most l i k e l y  t o  provide a good performance 
f o r  an i n l e t  mounted on top of a fuselage. 
these f ac to r s  a re  the boundary-layer cha rac t e r i s t i c s  because of the large 
e f fec t  which may be produced on i n l e t  pressure recovery. For a twin-duct. 
i n s t a l l a t ion ,  the 4 5 O  o r  30' teardrop shapes appear t o  be most su i t ab le  
if an&les ~f a t tack  approaching 15' a r e  t o  be encountered and the i n l e t  
i s  located near the nose section. I f  the i n l e t  i s  mounted f a r the r  
rearward, the 45' teardrop shape appears t o  be most su i t ab le .  On these 
shapes i t  appears desirable t o  locate  the i n l e t  high on the fuselage t o  
avoid the high l o c a l  Mach numbers which occur as @ approaches 90'. The 
loca l  Mach nunibers on the 45O teardrop shape appear t o  be s l i g h t l y  lower 
than on the 90' teardrop. (See f i g s .  6(k), 6 ( m ) ,  6 ( 0 ) ,  and 6 ( q ) . )  Loca- 
t ion  o f  the i n l e t  a t  s t a t i o n  23 may increase the i n l e t  pressure recovery 
inasmuch as the loca l  Mach number i s  about 0 .1  l e s s  bu t  w i l l  tend t o  
increase the i n l e t  drag because of the th icker  boundary layer  which must 
be diverted. 
Probably the m o s t  tnpor-LapAt ef 
For a single-duct i n s t a l l a t i o n  which must operate a t  high angles of 
attack, the horizontal-el l ipse or inverted 45O teardrop shapes appear 
sui table  up t o  12' for  an i n l e t  locat ion near the nose sect ion.  If the 
i n l e t  width i s  r e s t r i c t e d  t o  about 30 percent of the fuselage width and 
the i n l e t  i s  located near the nose sect ion,  the inverted-t r iangle  or  
CONFIDENTIAL 
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inverted goo teardrop shapes may be used up t o  about 1 2 O .  The 4 5 O  tear- 
drop shape should be sa t i s f ac to ry  t o  15' although some d i f f i c u l t y  may be 
encountered i n  incorporating a r e l a t ive ly  large s ingle  i n l e t  on the 
narrow fuselage top. A s  the angle-of-attack requirements f o r  e i t h e r  
inlet  i n s t a l l a t i o n  decrease, other fuselage shapes become acceptable. 
(See "Boundary-Layer Character is t ics .  '' ) 
CONCLUSIONS 
An invest igat ion has been made a t  a free-stream Mach number of 2.01 
and a t  angles of a t tack  t o  l 5 O  of the  s t a t i c  pressures and the boundary- 
layer  charac te r i s t ics  on the forward par t s  of nine fuselages of various 
cross-sectional shapes. The following conclusions have been obtained: 
(1) Up t o  an angle of a t tack  of 8 O ,  the s ta t ic-pressure d is t r ibu t ions  
w e r e ,  i n  general, of a type which might be expected on the bas i s  of the 
cross-flow concept. The most posi t ive pressures occurred on the bottom 
of the fuselages ( top a t  negative angles) ,  and the most negative pressures 
occurred a t  or near the  widest sect ion of the fuselage.  
angles of a t tack ,  the boundary-layer separation tended t o  produce regions 
of high negative pressures on the  top s ide of the  fuselages.  
A t  the  higher 
( 2 )  The 4 5 O  teardrop shape w a s  the  only shape invest igated which 
appeared t o  be without boundary-layer separation over the complete angle- 
of-attack range a t  both fuselage survey s ta t ions .  
(3)  For a twin-inlet  i n s t a l l a t i o n  located on top of the fuselage near 
the nose sec t ion ,  use of the fuselage w i t h  the  45' or the 90' teardrop 
cross sect ion w i l l  probably minimize the e f f ec t s  of boundary-layer separa- 
t ion  on i n l e t  performance t o  an angle of a t tack  of 15'. 
f a r the r  downstream, the 4 5 O  teardrop shape i s  slost su i tab le .  
For i n l e t s  located 
(4 )  For a s ingle- in le t  i n s t a l l a t i o n  located near the nose sect ion,  
use of the fuselage with the horizontal-ell ipse or  inverted 45' teardrop 
cross-section w i l l  probably be su i t ab le  t o  an angle of a t tack  of 12'. 
The 45' teardrop shape may be sa t i s fac tory  t o  an angle of  a t tack  of l5', 
although the  i n l e t  would probably be r e l a t ive ly  narrov with res2ect t o  
the fuselage. 
Langley Aeronautical Laboratory, 
National Advisory Cormnittee f o r  Aeronautics, 
Langley Field,  Va . ,  August 24, 1956. 
CONFIDENTIAL 
0.0 0 .00  0.0 . 0.0 0 0 -  0.0 0 0 0 .00  0 0 .  0 0 0 0  
0 .  0 .  0 . 0  0 . . o m  0 0 .  0 .  0 
0 0 0.0 0 0.0 0 0 .  0 .  0 0 0 0 . 0 0 .  . 
0 .  0 .  0 .  0 0 0  0 0 0  0 . 0 0 .  0 
0.0 0.00 0 0 0  0 .00  0.0 0.0 0.. 0 0  0 0 .  0 .  0 
......................... . . . . . . .  
0 .  0 .  0 .  . 0 .  . ........ 
0 .  0 .  . . .  .... . . . . .  . . . . . . . . . . . . . . . .  . ...... 
10 .......... ..VOI(SFID&** 0 -  MCA RM ~56113 
REFERENCES 
1. Hasel, Lowell E.: The Performance of Conical Supersonic Scoop Inlets 
on Circular Fuselages. NACA RM L53114a, 1953. 
2. Valerino, Alfred S., Pennington, Donald B., and Bargo, Donald J.: 
Effect of Circumferential Location on Angle of Attack Performance of 
Twin Half-Conical Scoop-Type Inlets Mounted Symmetrically on the 
RM-10 Body of Revolution. NACA RM E53G09, 1953. 
3. Carlson, Harry W., and Gapcynski, John P.: An Experimental Investiga- 
tion at a Mach Number of 2.01 of the Effects of Body Cross-Section 
Shape on the Aerodynamic Characteristics of Bodies and Wing-Body 
Combinations. NACA RM L55E23, 1955. 
4. Jones, Robert T.: Effects of Sweep-Back on Boundary Layer and Sepa- 
ration. NACA Rep. 884, 1947. (Supersedes NACA TN 1402.) 
CONFIDENTIAL 
....................... .......... . .... 0 .  0 .  . 0 .  0 .  0 . .  ...... . . . . . . . . . . . . . . . . .  . . . . . . . .  . 0 .  . 0 .  0 .  0 .  - . -  - - - - _  - -  . . . . . . .  ......................... 
mI.8 I. - TAEWIATF3 BOUNDARY-LWER SURVEY DATA 
(a) Circular  cross-section fuselage 
















































































































































S t a t i o n  23 
-581 26 
.w .679 
26 I 12 I :El :% 
I I :El  :% 
P l  $t 
TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 














































































L j i ,  lj8 
0.08 0.490 0.633 
.11 .634 .694 
.16 .697 .716 
.21 .695 ,713 
.ii .692 .755 
0.08 0.359 0.737 
.16 .TO9 .7>6 




































































. . . 0 .  .. . 0.. . ... . . . 0 .  0 .  0 .  0 .  . ..... . ..... 0 .  . 0 .  . 0 .  . 0 .  ... ... 0.. .... 0.. .... ... 
WLE I. - TA3LUTED 3 'J?ZWV-LAXR SL%VZY DATA - Conti-xed. 
(b) Square cross-section fuselage 
a, deg 
Stat ion 15 
h, i n .  a, deg 
I o!2 -26 
h ,  in .  
.31 
O I :::; 
35 
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+0.436 0.481 








































































.574 I -335 
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
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TAELE I.- TAl3iJLATED BOlJi&3Y-iAYER SUR;rEy DATA - Continusd 
(b) Square cross-sect ion fuselage - Concluded 
L, deg ' 9  de€- 
- 
90 






































































































































































































S t a t i o n  23 
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TABLE I.- TABULATED BOUNDARY-LAYEH SLiiWY DATA - Cmtinued 
( c )  Uimond cross-sect ion fuselage 
Y I ’ 
I ?’ 
Station 15 Stat ion 25 
-
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p 1  ‘ /p t  
























































































































































































































































TIWU 1.- WUIATED BOUNDAFX-UiYER SURVEY DATA .- Continued 




P l  pt 
a, deg h, in .  @, deg 
105 135 165 
0.05 0.283 0.587 0.372 
.lo .488 -549 .607 
.20 .661 -701 .720 
. p  .667 -703 .720 
8 -15 .621 .669 .717 
0.05 0.310 0.455 0.448 




Sta t ion  23 
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
(d )  Tent cross-sect ion fuselage 
S t a t i o n  15 










































































































































1 I Rake-survey paths  
I 1  
1 1 1  
I 
S t a t i o n  23 


































































































































































































































TABLE I.- TABULA'IED BOUNDARY-LAYEA SURVEY DATA - Continued 
(a)  Tent cross-section fuselage - Continued 
Station 15 Station 23 -
h, i n .  
P l  ' IP t  I p1 '/Pt 


















.479 - 512 
.558 
.435 .* 
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.773 - 772 
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0.10 - 15 
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.718 - 730 




















TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
( d )  Tent cross-section fuselage - Continued 
Station 15 Sta t ion  23 





































































































































































. 3  1 
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
( a )  Tent cross-sect ion fuselage - Concluded 




























































- 2 3  
.662 
.682 
- 703 - 705 
- 707 
- 
) - 370 
0.10 



















































































































































































































































TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
( e )  90' teardrop cross-section fuselage 
' \  
sti l t ion 1: Station 23 
- 





pz ' I P t  
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
( e )  90' teardrop cross-section fuselage - Ccncluded 
Stat ion 15 Sta t ion  23 





















































































.13 - 19 
.24 
0.08 















































































TABLE I.- TABULATED BOLrNSAET-LA'TER SURVEY DATA - Continued 
( f )  45' tearcirop cross-sect ion fuselage 
\ 
Sta t ion  15 S t a t i o n  23 
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TABLF: I.- TABULCITZD BOUNDARY-LAYER SURVEY DATA - Continued 
(f) 45' teardrop cross-section fuselage - Continued 
Stat ion 15 Sta t ion  23 J=zF- h, in .  









































































































































































































































































































TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
(f ) 45' teardrop cross-section fuselage - Continued 
4 ,  
158 
158 






- . . 


























































































































































































Sta t ion  23 




















































TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
( f )  45' teardrop cross-section fuselage - Concluded 
158 
158 
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.608 .601 8 
0.05 






TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
(g)  p i a n g l e  cross-section fuselage 
/ 
I 
I l l  icL’- Rake-survey paths 
I 1  
I I  
Sta t ion  23 S t a t i o n  15 


































































































TABLE I.- TABULATED B O U N D A R Y - L A ~  SUAW DATA - Continued 
( 9 )  Triangle cross-section fuselage - Continued 
Sta t ion  15 Sta t ion  23 - 
h, in .  
























































































































































































































. a 3  
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0.05 0 ijl 0 42+ 0 524 
.10 I :&I6 1 :k,l I :1711 
' TABLE? I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 













S t a t i o n  15  
-15 
S t a t i o n  23 






































a, deg h, i n .  I 
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1 . 2 1  
1.31 
1.36 





.26 . 31 
.41 





.16 I :E: 1 iji 
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TABU I.- TABULATED BOUNBARY-LAYER SURVEY DATA - Continued 
(g)  Triangle cross-section fuselage - ConcluCied 




































.465 - 325 
372 
.404 




















































.584 - 597 
.600 - 597 - 593 - 596 




T B L E  I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
(h)  Horizontal-ell ipse cross-section fuselage 
S t a t i o n  15 S t a t i o n  25 
12 >o 
0.03 0.226 0.273 
0.05 0.201 0.233 
.20 . j 8 U  .450 
.35 .576 .65v 
.45 .682 .6v3 
.5G .TO7 .695 
20 ' 1.05 .5  .708 11 .6v8 704
1.20 .711 .TO> 
1.55 .712 .7GE 
I I 1 
I I 0.03 I 0.235 10.228 
I I I .4<> I .673 I .54c 
..e e.. e... e.. 
b. 
e .  
e .  
e .  
e.. 
33 
TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
( h )  Horizontal-ellipse cross-section fuselage - Concluded 
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TABLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
(i) Vert ical-el l ipse cross-section fuselage 
paths 
Stat ion I5 Stat ion 23 
- 
I ,  deg 
I P l  'I P t  






































































































































































































P 1 7 P t  
B, aeg a, deg h, i n .  #, cieeg 
0 20 37 
0.09 0.584 0.377 0.184 
.29 .420 .3n .471 
.39 -351 .295 . 6 ~  
.49 .326 .393 .634 
35 .69 .424 .646 .636 
1.29 .702 .6di .676 
1.69 .TO:, .669 .664 
1.09 .696 .674 .674 
1.39 .TO3 .683 .679 
1.49 .705 .66j .680 
0.09 0.6L3 0.539 0 . p O  
.29 .4Y .428 .230 
.49 .264 .323 .549 





















TABLE I.- TABULA'ED EOLINDARY-LAYER SURVEY DAlA  - Continued 
( i )  V e r t i c a l - e l l i p s e  c ross -sec t ion  f sse lage  - Continued 
S t a t i o n  1: 
I
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I I :::; 
8 
0 0 0 0  
0 0 0  0 
0 . 0 0  0 
0 . 0 0  0 
0 0 0  0 
TWLE I.- TABULATED BOUNDARY-LAYER SURVEY DATA - Continued 
(i) Vertical-ellipse cross-section fuselage - Continued 
Station 15 Sta t ion  23 






.457 - 590 - 599 


















' 195 - 352 
.443 
.502 
-503 - 509 
-515 
















































































































































































































































































-717 - 717 
15 
1-5 
TABLE I.- TABULATED BOUIiDARY-IAyER SURVEY DATA - Concluded 
(i) Vertical-ell ipse cross-section fuselage - Concluded 
i ,  deg 
145 
14' 
Sta t ion  15 
a, deg h, in. 
143 
0.07 0 . ~ 0  
.12 .588 































































114 l 5  




































































































1.22 I 1.27 
1-52 I 1-53 
-22 
p 1  p t  
#, 
37 
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30° half - angle Traverse mechanism 






Circular body shown 
Horizontal ellipse Diamond Triangle Tent 
N 
Circle Square 90' Teardrop 45' Teardrop Vertical ellipse 
Body cross-sectional shapes 
All radii .8 in-unless otherwise noted 
Figure 1.- Sketch showing arrangement of model, boundary-layer survey 
equipment, and fuselage cross-sectional shapes. 
inches unless otherwise noted. ) 
( A l l  dimensions i n  
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Figure 2.- Photographs of model with elliptical fuselage; boundary-layer 
rake at station 15. 
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Circumferential location, +, deg 
(a) Circular cross section. 
Figure 3.- Static-pressure distributions on fuselages. 
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. I  
0 40 80 I20 160 
Circumferential location, +, deg 
(b) Square cross section. 
Figure 3.- Continued. 
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Circumferential location, 9, deg 
( c )  Diamond cross sect ion.  
Figure 3 . -  Continued. 
0 
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( d )  Tent cross section; s t a t i o n  15. 




Circumferential bcatim, 4, deg 
(e) Tent cross section; station 23. 
Figure 3.- Continued. 
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Circumferential location, 4, deg 
(f) 90' teardrop cross sectionj s ta t ion  15. 
Figure 3. - Continued. 
....... 
0 .  . . . 0.. 
0 .  . ....... 46 
t 
Circumferential location, 4, deg 
( g )  900 teardrop cross section; s t a t i o n  2 3 .  
Figure 3 . -  Continued. 
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-8 - 12 
-15 
Circumferential location, 4, deg 
(h) 4 5 O  teardrop cross section; stat ion 13. 
Figure 3. - Continued. .................................  . .  .... . 0 .  0 .  . . O m .  . . .... . 0.. ......  
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Circumferential location, 9, deg 
(I) 45O teardrop cross section; s t a t ion  23. 






Cic(rmferentiol iocotion. +, d q  
( j )  Triangle cross section; s t a t ion  15. 
Figure 3 . -  Continued. 
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Circumferential location, +, deg 
(k) Triangle cross sect ionj  s t a t ion  23. 
Figure 3.- Continued. 
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( 2 ) Horizontal-ellipse cross section. 
Figure 3.-  Continued. 
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Circumferential location, +* deg 
(m) Vertical-ellipse cross section. 
Figure 3.- Concluded. 
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(i) Vertical-ellipse cross section. 
Figure 4. - Concluded. 
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Figure 6.- Impact-pressure contours of fuselage flow f i e ld .  
(b) Circular cross section; s ta t ion  23. 
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(c )  Square cross section; s t a t ion  15. 
Figure 6. - Continued. 
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(d) Square cross section; s ta t ion  23.  
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(e) Diamond cross section; station 15. 
Figure 6. - Continued. 
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(f) Diamond cross section; station 23. 
Figure 6. - Continued. 
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( g )  Tent cross section; s ta t ion  15. 
Figure 6. - Continued. 
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(h) Tent cross section; s t a t ion  15. 
Figure 6. - Continued. 
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(i) Tent cross section; s ta t ion  23. 
Figure 6. - Continued. 
(j) Tent cross section; s t a t i o n  23. 
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(k)  90’ teardrop cross section; 
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( 2 )  90' teardrop cross section; s ta t ion  15. 
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(n) 90' teardrop cross section; s t a t ion  23. 
Figure 6. - Continued. 
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(p) 4 5 O  teardrop cross section; s t a t i o n  15. 
Figure 6.- Continued. 
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(r)  450 teardrop cross section; s t a t ion  23. 
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( s )  Triangle cross section; station 15. 
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(t) Triangle cross section; s t a t ion  15. 
Figure 6.- Continued. 
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(v) Triangle cross section; station 23. 
Figure 6.- Continued. 
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(w) Horizontal-ellipse cross section; station 15. 
Figure 6. - Continued. 
NACA RM L56113 
(x) Horizontal-ellipse cross section; station 23. 
Figure 6.- Continued. 
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(y) Vertical-ellipse cross section; station 13. 
Figure 6.- Continued. 
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( 2 )  Vertical-ellipse cross section; station 23. 
Figure 6.- Concluded. 
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(a) Station 15; a = 8'. 
Figure 7.- Effect t cross-sectional shape on fuselage boundary layer. 
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(b) Sta t ion  l5j a = l5O. 
Figure 7. - Continued. 
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(c) Station 23; a = 8'. 
Figure 7. - Continued. 
....................... .......... - -  
~~~ ~~ .........................  
NACA RM L56IL3 .... : : ' . . . c f o l y P ~ ~  ................. . . . . . . .  . . . .  0 .  0 .  0 .  .... . . . . . . . . . . . . . . . .  0  ..... 0 . .  0 .  0 .  
93 







s q m  Inverted tent Inverted trmgle Horizontal ellipse 
(d )  Station 23; a = l5O. 
Figure 7. - Concluded. 
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